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 ABSTRACT 
 Effects of a single injection of meloxicam on calf 
behavior, pain sensitivity, and feed and water intakes 
were examined following dehorning. Sixty Holstein 
heifer calves were blocked by age and randomly as-
signed to receive an i.m. injection of meloxicam (0.5 
mg/kg) or a placebo. All calves were given a lidocaine 
cornual nerve block (5 mL per horn). Treatments and 
nerve blocks were administered 10 min before cautery 
dehorning. Continuous sampling of behavior was per-
formed during five 1-h intervals using video recordings, 
and total daily activity was monitored using an ac-
celerometer. A pain sensitivity test was administered 
with a pressure algometer, and feed and water intakes 
were recorded daily. Calves were sham-dehorned 24 h 
before actual dehorning to establish baseline values, 
and all variables were assessed at the same times fol-
lowing dehorning and sham dehorning for up to 48 h 
post-dehorning. Meloxicam-treated calves displayed 
less ear flicking during the 44 h following dehorning 
(increases of 4.29 ± 1.10 and 1.31 ± 0.66 ear flicks/h in 
the first 24 h, and increases of 3.27 ± 0.89 and 0.55 ± 
0.50 ear flicks/h during the second 24 h, for control and 
meloxicam calves, respectively) and less head shaking 
during the first 9 h following dehorning (increase of 
2.53 ± 0.54 and 0.85 ± 0.46 headshakes/h over baseline 
for control and meloxicam, respectively). Meloxicam-
treated calves were less active than controls during the 
first 5 h following dehorning (activity 34.1 ± 3.2 and 
30.6 ± 2.6 for control and meloxicam, respectively) and 
displayed less sensitivity to pressure algometry 4 h after 
dehorning (pressure tolerance of 1.62 ± 0.13 kg of force 
and 2.13 ± 0.15 kg of force for control and meloxicam 
calves, respectively). Changes in behavior suggest that 
meloxicam was effective for reducing post-surgical pain 
and distress associated with calf dehorning. 
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 INTRODUCTION 
 Dehorning refers to amputation of horns in mature 
cattle or removal of the horn buds of calves; when 
conducted before 3 wk of age, it is referred to as dis-
budding. Dehorning is routine management practice on 
dairy farms, performed to prevent cattle from injur-
ing each other as well as their human handlers. Even 
though dehorning is done with the long-term welfare 
of the animals in mind, it does cause acute pain or 
distress, as indicated by changes in plasma cortisol 
(Petrie et al., 1996; Sutherland et al., 2002; Heinrich 
et al., 2009), heart rate (Grøndahl-Nielsen et al., 1999; 
Stewart et al., 2008), eye temperature (Stewart et al., 
2008), electroencephalogram (Gibson et al., 2007), and 
calf behavior (McMeekan et al., 1999; Sylvester et al., 
2004). The degree of physiologic and behavior response 
varies with the method of dehorning. Amputation de-
horning caused a greater cortisol response than dehorn-
ing by heat cauterization (Petrie et al., 1996). 
 Local anesthetics such as lidocaine and bupivacaine 
were effective for reducing physiologic and behavior 
responses to dehorning surgery (Graf and Senn, 1999). 
Yet, once the local anesthetic dissipated, cortisol 
(Sutherland et al., 2002) and behaviors such as ear 
flicking and head shaking increased, suggesting the 
presence of inflammatory pain for up to 24 h (Faulkner 
and Weary, 2000). 
 Researchers reliably described an increase in cortisol 
concentration immediately following dehorning without 
pain management associated with acute amputation 
pain (Stafford and Mellor, 2005). The absence of a 
cortisol response when dehorning was performed with 
cornual nerve blockade presented compelling evidence 
that the cortisol response was primarily pain related 
(Petrie et al., 1996; McMeekan et al., 1999; Sutherland 
et al., 2002). 
 Pain is a subjective state that can only be measured 
indirectly; Anil et al. (2002) suggest that behavior is a 
more sensitive indicator of pain than cortisol and other 
physiological measures. Differences in behavior were 
detected in the first 24 h after dehorning (Faulkner and 
Weary, 2000). Behavioral responses such as ear flicking, 
tail flicking, head shaking, head rubbing, rearing, and 
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falling down were accepted as indicators of pain result-
ing from dehorning surgery (Faulkner and Weary, 2000; 
Stafford et al., 2003; Milligan et al., 2004).
Pressure algometry was used in cattle to objectively 
assess pain associated with integument lesions (Dyer et 
al., 2007; Liu et al., 2009). Mechanical threshold was 
measured in chronically lame cattle (Ley et al., 1996) 
using a device described in Nolan et al. (1987).
Nonsteroidal antiinflammatory drugs (NSAID) pre-
vent inflammation by inhibiting cyclooxygenase (COX) 
enzymes, which produce prostaglandins. There are 2 
primary isoforms of COX enzymes: COX-1 and COX-
2. Prostaglandins associated with the COX-1 isoform 
regulate processes such as maintenance of the gastro-
intestinal tract, renal function, and other homeostatic 
processes (Curry et al., 2005). Prostaglandins associ-
ated with the COX-2 isoform are associated with pain 
and inflammation that result from tissue injury. The 
NSAID ketoprofen effectively reduces inflammation-
related pain responses to dehorning (McMeekan et al., 
1998; Faulkner and Weary, 2000) and is approved for 
use in cattle in several countries. However, ketoprofen 
has a short half-life in cattle, approximately 2 to 4 
h (Landoni et al., 1995a), and cortisol data indicate 
that ketoprofen is not capable of eliminating the full 
duration of the pain response to dehorning (Suther-
land et al., 2002; Stafford et al., 2003). Meloxicam is 
an NSAID with a half-life of approximately 26 h in 
cattle (European Agency for the Evaluation of Me-
dicinal Products, 2006), and it preferentially inhibits 
the COX-2 isoform, whereas ketoprofen and flunixin 
meglumine (another NSAID approved for use in cattle 
with a half-life of approximately 6 to 7 h; Landoni et 
al., 1995b) are nonspecific COX inhibitors (Papich, 
2007). As a result, meloxicam may cause less interfer-
ence with normal homeostatic processes and may have 
fewer deleterious effects on the gastrointestinal system, 
a factor particularly relevant to the developing rumen 
of the calf (Plumb, 2002). Meloxicam mitigated pain 
following dehorning with local anesthetic as measured 
by eye temperature, heart rate, and heart rate vari-
ability (Stewart et al., 2009) and cortisol, heart rate, 
and respiratory rate (Heinrich et al., 2009). The effects 
of meloxicam on pain-related behaviors associated with 
dehorning have not been examined.
The objectives were to determine the effects of 
meloxicam on pain-related behaviors, feed intake, water 
intake, and pain sensitivity.
MATERIALS AND METHODS
Animals and Housing
The study was conducted on 60 Holstein heifer calves, 
6 to 12 wk (mean ± SEM, 9 ± 1 wk) old, with a BW 
of 88.8 ± 2.0 kg (range 55.5 to 129.0 kg) at the Elora 
Dairy Research Centre of the University of Guelph 
(Guelph, Ontario, Canada) between September 2005 
and July 2006. Sample size estimate was based on data 
from a previous study (Duffield et al., 2010).
Calves were used in a lighting trial until weaning at 
6 wk of age, and a minimum of 2 calves of weaning age 
were needed for full replication on the current trial, ne-
cessitating use of calves up to 12 wk of age. Calves were 
housed in individual pens measuring 1.3 × 1.5 m and 
were separated by partitions allowing visual and tactile 
contact with adjacent calves through vertical bars. The 
pens were located in an indoor nursery and the same 
4 pens were used in all trials. Calf starter (20% calf 
starter with lasalocid, Floradale Feed Mill, Elora, ON, 
Canada) was offered ad libitum from birth and became 
the sole feed following weaning. Weaning took place at 
6 wk of age, before the calves were enrolled in the trial. 
The nursery was lit from 0545 until 2045 h, and a single 
100-W bulb was hung in the middle of the nursery over-
night. Temperature in the nursery was maintained at 
8°C in the winter, but varied with outside temperature 
in the spring and summer (range 10 to 29°C).
Experimental Design and Treatments
This experiment used a randomized complete block 
design with groups of 2 or 4 calves (1 or 2 complete 
replicates) over a total of 17 trials. Before each trial 
began, calves were blocked by age and randomly as-
signed to receive either meloxicam (n = 30) or control 
(n = 30) treatments. To control for environmental ef-
fects, calf pens were assigned to alternate treatments, 
and these treatments were reversed for each trial. To 
control for bias, all observers and staff were blind to 
the treatments.
For all calves, 5 mL of lidocaine (2% lidocaine HCl with 
0.05 mg/mL epinephrine, Bimeda-MTC, Cambridge, 
ON, Canada) was administered under the temporal 
ridge around each cornual nerve 10 min before dehorn-
ing. At this time, calves in the meloxicam treatment 
received a single i.m. injection of meloxicam (Metacam, 
20 mg/mL solution for injection; Boehringer Ingelheim 
Vetmedica, Ingelheim am Rhein, Germany) in the neck 
at a dose of 0.5 mg/kg of BW. Control calves received a 
single i.m. injection of placebo solution with an equiva-
lent volume as the treatment. The placebo solution 
was the Metacam vehicle with the active meloxicam 
ingredient removed and was identical in appearance to 
the Metacam solution. Calves were dehorned at 0930 h 
using an electric cautery iron (Rhinehart X30, Rhine-
hart Development Corp., Spencerville, IN). The iron 
was preheated for at least 10 min to a temperature of 
approximately 600°C before dehorning. Injections and 
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dehorning were always performed by the same, trained 
technician.
To control for variation in pain responses between 
calves, a sham dehorning procedure was performed and 
baseline values collected for all measures. At 0930 h 
on the first day of the trial (d −1), calves were sham 
dehorned using an unheated dehorner. The responses 
of each calf to dehorning could then be compared with 
the response to sham dehorning and each calf acted as 
its own control. In addition, on d −1, calves were fitted 
with jugular catheters at 0700 h to facilitate blood sam-
pling for another component of the overall study that 
included cortisol measurement (Heinrich et al., 2009). 
All calves were bled via indwelling jugular catheters 
every 30 min from the time of dehorning and sham 
dehorning until 2 h following (Heinrich et al., 2009).
All procedures were approved by the Animal Care 
Committee of the University of Guelph Animal Utiliza-
tion Protocol #05R106.
Data Collection
Video cameras (Panasonic model WV BP100; http://
www.panasonic.com) equipped with wide-angle, color 
camera lenses (F 1.4/6 mm; Cosmicar, HS614GX, Pen-
tax, Englewood, CO) were installed on the opposite 
wall to the calf pens, such that 1 camera provided a 
panoramic view of 2 pens. Calves were video recorded 
continuously from the time of sham dehorning (d −1) 
until 48 h following actual dehorning (d 0 and +1). All 
video was recorded using high quality Reco-204 DVR 
at 30 frames/s. Each calf was observed individually for 
five standardized 1-h periods following sham dehorning 
and ten 1-h periods following actual dehorning. These 
periods corresponded to approximately −22, −20, −18, 
−15, −4, 2, 4, 6, 9, 20, 26, 28, 30, 33, and 44 h relative 
to dehorning. These times were chosen to correspond 
with significant events following dehorning (e.g., at 2 h, 
when the local nerve block would be expected to have 
worn off; Petrie et al., 1996), in accordance with research 
on calf behavior (McMeekan et al., 1999; Faulkner and 
Weary, 2000) and with time periods associated with 
relatively high calf activity. Level of calf activity was 
determined using an accelerometer placed on the left 
hind leg of each calf (described below). Humans were 
not present in the nursery during observational peri-
ods, because the presence of a handler could alter the 
behavior.
Total activity was measured using biotelemetry ac-
celerometer devices (Actical, Mini Mitter Respironics, 
Bend, OR) that recorded activity counts every 30 s. 
Devices were placed on the left hind leg above the hock 
of each calf and bandaged in place approximately 2 
h before sham dehorning and removed at 24 h. Data 
were downloaded and stored as average activity counts 
per hour. One set of activity data was excluded from 
the analysis because the activity meter was removed 
overnight.
Behavior data were compiled using The Observer 
(Noldus Information Technology, Wageningen, the 
Netherlands). A complete ethogram is provided in Table 
1. Frequency of events for each behavior was recorded 
within each 1-h period. Twelve of the 15 observational 
hours per trial were performed by one investigator 
(AH). Three 1-h periods (−18, 9, and 30 h) were ana-
lyzed by a second observer who was trained by AH and 
tested using periods of video that were watched by both 
observers simultaneously for agreement. Inter-observer 
reliability was assessed by comparing data compiled 
by each observer and sorted using Proc Sort and Proc 
Summary functions in SAS (version 9.1.3; SAS Insti-
tute Inc., Cary, NC). No differences in the frequency of 
behavior recorded by either observer were found. Both 
observers were blind to the NSAID treatment status of 
each calf (meloxicam vs. placebo).
Pain sensitivity was measured at 4 h following sham 
and actual dehorning using a pressure algometer (Force 
One FDI, Wagner Instruments, Greenwich, CT), and 
the same trained researcher performed all measure-
ments. The device was equipped with a round rubber tip 
measuring 1 cm in diameter. The amount of pressure a 
calf tolerated was measured in kilograms of force (kgf) 
over the area of the rubber tip and was referred to as 
the mechanical nociceptive threshold (MNT). The calf 
was restrained with a halter and the researcher placed 
a hand lightly on the poll until the calf habituated to 
being touched and stood still in a relaxed posture. The 
hand was slowly removed and replaced with the algom-
eter rubber tip placed directly beside the horn bud, 
such that the rubber tip covered the cautery wound 
and the edge of normal tissue. Pressure was applied 
perpendicular to the poll at a rate of approximately 1 
kgf/s until the calf withdrew its head. Four sites around 
each horn bud were measured in the same order for each 
horn (Figure 1). Half of the calves were tested on the 
left horn first, followed by the right horn during both 
sham and dehorning days; the other calves were tested 
on the right horn first. The algometer automatically 
read the highest level of pressure applied, and it was 
reset to zero after each application. To minimize bias, 
the researcher did not view the screen of the algometer 
until after the calf had withdrawn its head.
Following the 17 trials, 4 additional calves were 
subjected to identical methodology, except that a sec-
ond sham dehorning was conducted on d 0 in place of 
cautery dehorning. This was done to test the validity 
of the algometer as a test for pain and not simply a 
frightening or otherwise unwanted stimulus.
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Intakes of feed and water were recorded as kilograms 
consumed on each of the 3 d of the trial. Throughout 
the trial, calves were offered 3 kg of starter twice daily 
at approximately 0600 and 1600 h. Feed and water were 
weighed again before the next morning feeding, and the 
amount consumed per 24-h period was recorded at the 
morning feeding. This feeding regimen was ad libitum, 
because all calves had orts remaining each day.
Statistical Analysis
All data presented with heterogeneity of variance 
when assessed using Proc Univariate in SAS. Normal-
ity was achieved for activity data by use of a square 
root transformation, for algometer data by use of a 
quarter root transformation, and for feed and water 
intake data by use of a log transformation. Activity, 
algometer, feed, and water data were analyzed using 
a generalized linear model with Proc Mixed in SAS. 
Behavior (count) data were analyzed using a negative 
binomial distribution in Proc Glimmix in SAS. For all 
measures, analyses of covariance were performed with 
observations taken at the corresponding period follow-
ing the sham procedure as the covariate to determine 
the change from baseline.
For behavior and activity data, random effects of 
trial and of repeated measures on calf (nested within 
trial and treatment) were included in the model. Main 
effects included treatment, BW, age, covariate, days 
since weaning, and time of day. For algometer, feed 
intake, and water intake data, random effects included 
trial and calf (nested within trial and treatment). Main 
effects included treatment and day for feed and water 
data; and treatment, horn bud side, horn bud location, 
and first horn measured for algometer data. Interactions 
were tested and effects were eliminated using backward 
elimination if P > 0.1. The autocorrelation structure 
with the lowest Akaike’s information criterion (AIC) 
was used for the repeated measures. When significant 
effects (P < 0.05) were found, a multivariate t-test was 
used to adjust for multiple comparisons of treatment 
over each period. To compare over time within each 
treatment, Tukey’s test was used.
RESULTS
There was an effect of treatment on ear flicking be-
havior (Figure 2). There were increases of 4.29 ± 1.10 
and 1.31 ± 0.66 ear flicks/h on d 0, and increases of 
3.27 ± 0.89 and 0.55 ± 0.50 ear flicks/h on d 1, for 
control and meloxicam calves, respectively (F = 10.65, 
df = 16, P = 0.005). The total number of ear flicks/d 
for control calves were 105, 717, and 539 on d −1, 0, 
and 1, respectively, whereas the daily totals for the 
meloxicam calves were 219, 411, and 293. There was a 
tendency for increased ear flicking with increased calf 
age (P = 0.07).
A treatment by time interaction for changes in head 
shaking (F = 4.23, df = 502, P = 0.04) from baseline 
level behavior was identified (Figure 3). Increased head 
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Table 1. Ethogram used for behavioral analysis from video recordings1 
Behavior Description
Ear flicking Calf rapidly moves one or both ears to the front and back independent of a head shake.  
 Each time movement constitutes an ear flick.
Head shaking Calf rapidly shakes head from one side to the other. Recorded as one behavior when the head moved  
 slowly or was in a resting position.
Head rubbing Calf lifts hind leg to scratch top of head with foot or rubs head against sides of the pen.
Tail flicking Calf rapidly moves tail from side to side, may include 2 to 3 movements, recorded as a new movement  
 after the tail moved slowly or was in a resting position.
Foot stamping Calf raises 1 foot and brings it down again firmly.
Head through bars Calf puts head through the bars of the pen toward food and water buckets. This behavior was recorded  
 at feeding time only (9 h following dehorning).
1Frequency of behavior events was recorded during each observational period.
Figure 1. Locations around the horn bud measured by pressure 
algometry. Sites are labeled to indicate the order in which they were 
measured.
shaking in control calves was greater (P < 0.05) than 
in meloxicam calves for 9 h following dehorning, after 
which there were no significant treatment effects. Con-
trol calves displayed 2.53 ± 0.54 more head shakes/h 
after dehorning, whereas meloxicam calves displayed an 
increase of 0.85 ± 0.46 head shakes/h. The total num-
ber of head shakes/d for the control calves were 137, 
488, and 240 on d −1, 0, and 1, respectively, whereas 
the daily totals for the meloxicam calves were 230, 252, 
and 264.
There were no significant effects of treatment on head 
rubbing or tail flicking. The total number of head rubs 
was 70, 246, and 260 for control calves and 97, 236, and 
240 for meloxicam calves on d −1, 0, and 1, respectively. 
Meloxicam calves displayed an average increase of 1.39 
± 0.14 head rubs/h following dehorning, and control 
calves displayed an increase of 1.39 ± 0.13 head rubs/h 
(F =  0.37, df = 16, P = 0.56). The total number of 
tail flicks was 1,106, 3,544, and 3,252 for control calves 
and 1,219, 3,113, and 2,949 for meloxicam calves on d 
−1, 0, and 1. Meloxicam calves displayed an increase 
of 17.96 ± 1.41 tail flicks/h following dehorning, and 
control calves displayed an increase of 19.13 ± 1.54 tail 
flicks/h (F = 0.03, df = 63, P = 0.86). All calves showed 
increases in pain-related behaviors from baseline levels 
following dehorning (P < 0.05). There was a quadratic 
effect associated with time of day for each behavior (P 
< 0.05). The frequency of behaviors was low early in 
the day, peaked in the afternoon, and then declined in 
the evening on all 3 trial days.
The accelerometer activity devices indicated that 
meloxicam calves were less active for the first 5 h fol-
lowing dehorning (activity 34.1 ± 3.2 and 30.6 ± 2.6 for 
control and meloxicam respectively; P = 0.02). There 
were no further treatment by time interactions within 
this period and there were no other treatment differ-
ences.
Meloxicam calves displayed less sensitivity to pain in 
the pressure algometry test following dehorning com-
pared with control calves (MNT = 1.62 ± 0.13 kgf and 
2.13 ± 0.15 kgf for control and meloxicam, respectively; 
F = 8.84, df = 55, P = 0.004; Figure 4). Although all 
calves showed decreased tolerance to pressure following 
dehorning (P = 0.04), control calves were nearly twice 
as sensitive as meloxicam calves (decrease in MNT of 
0.94 and 0.55 for control and meloxicam, respectively). 
There was an effect of the location measured on pain 
sensitivity (P < 0.0001), which was present on both 
days of the trial (Table 2). Locations 2 and 3 were the 
most sensitive compared with locations 1 and 4. There 
was no effect of treatment on sensitivity by location. 
The effect of side (left or right horn) was not significant 
(P = 0.25).
The 4 calves that underwent 2 sham treatments 
showed no change in pressure sensitivity from the first 
to the second day (P = 0.3). Location effect was still 
evident, with location 2 being more sensitive than loca-
tions 1 and 4 (P = 0.004 and 0.009, respectively), and 
there was a trend for location 3 to be more sensitive 
than location 1 (P = 0.066).
Overall, feed intake did not differ between the treat-
ments; however, there was a trend for meloxicam calves 
to consume more feed on d 1 than on d 0 (P = 0.07). 
This increase in feed consumption did not occur with 
control calves (2.9 ± 0.17 kg on d 0 compared with 
3.0 ± 0.19 kg on d 1 for controls; 2.7 ± 0.18 kg on d 
0 compared with 3.1 ± 0.15 kg on d 1 for meloxicam 
calves). There was a trend for meloxicam calves to put 
their heads through the bars in their pen toward feed 
and water more often than controls on d 0 (196 and 228 
occurrences for control and meloxicam, respectively; P 
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Figure 2. Change in mean (±SE) frequency of ear flicking between 
each post-dehorning observational hour compared with the same hour 
after sham dehorning. Dehorning occurred at time 0. Meloxicam calves 
showed less ear flicking than controls (P = 0.005), with no treatment-
by-time interaction.
Figure 3. Change in mean (±SE) frequency of head shaking be-
tween each post-dehorning observational hour compared with the same 
hour after sham dehorning. Dehorning occurred at time 0. *Indicates 
period in which behavior of meloxicam calves differed from that of 
controls, P ≤ 0.05.
< 0.1). A treatment difference was not detected for 
this behavior on d 1. There was a positive association 
between calf weight and intake, with heavier calves con-
suming more feed (P < 0.001). There was no difference 
in water intake between treatments.
DISCUSSION
This was the first study to examine the effect of 
meloxicam on calf behavior and pain sensitivity fol-
lowing dehorning. Meloxicam decreased cortisol, heart 
rate, and respiratory rate responses to dehorning 
in these calves (Heinrich et al., 2009) and reduced 
changes in heart rate and eye temperature (Stewart 
et al., 2009) after the surgery. In the current study, 
both meloxicam and control calves had increased ear 
flicking, head shaking, head rubbing, and tail flicking 
following dehorning. Increases in behavior previously 
associated with dehorning pain relative to the sham 
dehorning period were present to varying degrees dur-
ing the 44-h study period, suggesting that calves may 
be uncomfortable during that time, despite analgesia. 
Control calves showed greater ear flicking and head 
shaking responses compared with meloxicam-treated 
calves, and these responses began approximately 2 h 
following dehorning. These responses corresponded with 
the duration of action of lidocaine and were consistent 
with the literature examining effects of ketoprofen on 
the same behaviors (McMeekan et al., 1999; Faulkner 
and Weary, 2000; Sylvester et al., 2004). The effect of 
ketoprofen on head shaking was not as robust as that 
on ear flicking, which was consistent with Faulkner and 
Weary (2000). In the current study, there was no treat-
ment by time interaction for ear flicking, suggesting 
that meloxicam reduced ear flicking for the full 44 h of 
the trial. Our results support ear flicking as the most 
sensitive behavior for assessing dehorning pain. Head 
rubbing and tail flicking displayed by control calves did 
not differ compared with meloxicam calves, and this 
is in contrast to previous studies in which decreases in 
these behaviors associated with ketoprofen treatment 
were reported (McMeekan et al., 1999; Faulkner and 
Weary, 2000). Discrepancy in results may be because 
of differences in NSAID effectiveness, methodology, or 
more complex multivariable statistical modeling in our 
study, which accounted for repeated measures within 
calves and a sham dehorning covariate period.
Another interesting aspect of these results is the 
apparent circadian pattern of pain-related behaviors, 
which appear to be lowest early in the day and peaking 
in mid-afternoon until evening feeding, after which they 
taper off again. This occurred on all 3 d of the trial so is 
unlikely to be attributable to pain sensitivity (because 
the calves were not dehorned on d −1) or to our ex-
perimental methods (because calves were not handled 
on d 1). There is a possible observer bias contributing 
to the apparent circadian pattern; however, frequency 
of behavior did not appear observer dependent when 
modeled. The patterns observed were based on one re-
search farm, and a different pattern might be observed 
if the research were conducted at other farm locations.
Meloxicam-treated calves were less active than con-
trols during the first 5 h following dehorning. Although 
there was no treatment by time interaction within the 5 
h, this difference appeared driven by behavior at time 0 
(dehorning), as well as at h 4 and 5. Meloxicam calves 
may have been calmer during the dehorning procedure 
than the control calves and less restless during h 4 
and 5 when the lidocaine block would have worn off. 
Sedentary behavior during h 2 and 3 post-dehorning 
may be an artifact of the methodology for collecting 
physiologic data (Heinrich et al., 2009), because calves 
were being routinely handled for blood sampling until 2 
h post-dehorning; activity data and video observations 
corroborate that calves may have taken the departure 
of humans from the nursery as an opportunity for rest.
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Figure 4. Mean (±SE) mechanical nociceptive threshold (MNT, 
kg of force), as measured by pressure algometry following sham (d −1) 
and actual dehorning (d 0). There was no difference in mean MNT 
between treatments on d −1 (P > 0.05). Change in MNT between d 
−1 and d 0 was greater in control calves (P = 0.004).
Table 2. Mean (±SE) mechanical nociceptive threshold (kg of force 
causing withdrawal of head from algometer) at each location around 
the horn bud (see Figure 1) 
Location Sham Dehorning
1 2.68 ± 0.10a 2.21 ± 0.34b
2 2.16 ± 0.06 1.61 ± 0.12
3 2.56 ± 0.12a 1.90 ± 0.17b
4 2.85 ± 0.11a 2.51 ± 0.23c
a–cLocations with the same superscript do not differ (P > 0.05). 
Superscripts apply to day of trial only (sham or dehorning). There were 
no differences in treatment by location on either day of the trial.
The activity results are in contrast with other work. 
Milligan et al. (2004) and McMeekan et al. (1999) 
found no difference in the amount of lying behavior 
between calves that received lidocaine only and calves 
that received lidocaine plus ketoprofen. Methodology 
may be responsible for the differences because Milligan 
et al. (2004) disbudded calves with the smaller butane 
disbudding device at 2 d to 2 wk of age, and McMee-
kan and colleagues (1999) employed scoop dehorning 
on calves 3 to 4 mo old. In addition, the accelerometer 
used in this study was likely more sensitive than video 
analysis or direct behavioral observations. Alterna-
tively, it is feasible that reduced pain experienced by 
meloxicam-treated calves facilitated resting behavior. 
This hypothesis is supported by increased rest when 
calves receive meloxicam as an adjunct therapy for di-
arrhea (Todd et al., 2010).
Calves had lower MNT following dehorning compared 
with sham dehorning, indicating that all calves were 
more sensitive to the mechanical stimulus following de-
horning, regardless of treatment. However, the decrease 
in MNT was twice as great in calves that did not receive 
meloxicam, suggesting that the NSAID was effective at 
reducing pain associated with the procedure. Behav-
ioral responses of the calves and physiological responses 
such as increased cortisol, heart rate, and respiratory 
rate following dehorning support the interpretation 
that this increased sensitivity to pressure was caused 
by pain (Heinrich et al., 2009). This was supported by 
results from the calves that were sham dehorned twice. 
Because the MNT of these calves did not decrease on 
the second day, it suggests that the decrease in MNT 
seen in the dehorned calves was caused by pain and was 
not a learned fear or avoidance response.
These differences in behavior and pain sensitivity 
were consistent with physiological data collected dur-
ing this trial. Cortisol was lower in meloxicam-treated 
calves immediately following dehorning until 6 h post-
dehorning, and heart rate and respiratory rate were 
lower in meloxicam-treated calves for 24 h (Heinrich et 
al., 2009).
It is important to note that no calves were treated 
with meloxicam but not dehorned. Hence, some of the 
observed differences may be due to the drug alone rather 
than to pain. Several trials including both dehorned-
NSAID and nondehorned-NSAID treatment groups 
have been conducted, and the differences found in those 
studies in favor of NSAID treatment were related to the 
alleviation of cortisol response (McMeekan et al., 1998; 
Sutherland et al., 2002; Stafford et al., 2003) and pain-
related behavior (McMeekan et al., 1999; Faulkner and 
Weary, 2000), not directly an effect of the drug itself.
In conclusion, it appears that pain following cautery 
dehorning with a local anesthetic may be present for 
up to 44 h following the procedure. Both groups of 
calves displayed significant elevations in ear flicking, 
head shaking, and pain sensitivity following dehorning. 
Calves treated with the NSAID meloxicam displayed 
less ear flicking and head shaking, less restlessness, 
and lower sensitivity to mechanical stimuli. Based on 
our results, it appears that meloxicam was effective at 
reducing pain following dehorning, and its ability to 
reduce pain for up to 44 h with a single injection makes 
it a potentially preferable choice over other NSAIDs.
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